In this study the antimicrobial activity of a mixture of plant extracts originating from five different plants and suspended in three different forms of gel, cream and lotion was examined with the purpose of discovering new antimicrobial compounds. The antimicrobial activity was investigated through the standard disc diffusion method, as well as through a variation of the microdillution method. The formulations under examination (gel, cream and lotion) showed a broad spectrum of action against all the selected microorganisms, with inhibition zones of 9-46 mm. The minimal inhibitory concentration (MIC) for all the formulations against the microorganisms in the study was in the range of 0.000761μg ml -1 to 0.125μg ml -1 . The results of this study have clearly demonstrated that the mixture of plant extracts originating from five different plants and suspended in the forms of gel, cream and lotion can definitely be used in the battle against the microorganisms under investigation.
INTRODUCTION
For a long period of time, plants have been a valuable source of natural products for maintaining human health, especially in the last decade, with more intensive studies for natural therapies. They are used medicinally in different countries and are sources of many potent and powerful drugs [1] . The rising incidence in multidrug resistance amongst pathogenic microbes has further necessitated the need to search for newer antibiotic sources.
According to World Health Organization medicinal plants would be the best source to obtain a variety of drugs. About 80% of individuals from developed countries use traditional medicine, which has compounds derived from medicinal plants. Therefore, such plants should be investigated to better understand their properties, safety and efficiency [2] .
In recent years, pharmaceutical companies have spent a lot of time and money in developing natural products extracted from plants, to produce more cost effective remedies that are affordable to common people.
In our country, plant extracts of many higher plants have been reported to exhibit antimicrobial, antifungal and insecticidal properties under laboratory trails [3, 4, 5] . The present study was designed to determine the bioactivity of mixture from different plant extracts in gel, cream and body milk formulation, against different test microorganisms.
EXPERIMENTAL SECTION Plant materials
Five plant species, Satureja hortensis L., Thymus serpyllum L., Salvia officinalis L., Melissa officinalis L. and Sideritis scardica Griseb., used in this study, which were collected from different areas on the territory of Republic of Macedonia during the period of 2009 and 2012. Plant materials were initially rinsed with distilled water and dried on paper towels in the laboratory at 37 °C for 24 h.
Preparation of aqueous extracts
Each of the five samples was weighed out (50 g) and soaked separately in 200 ml of cold water contained in conical flasks stoppered with rubber corks and left undisturbed for 24 h. They were then filtered off using sterile filter papers (Whattman No. 1) into clean conical flasks and subjected to water bath evaporation, where the aqueous solvents were evaporated at boiling temperature of 100 °C. The standard extracts thus obtained were then stored at 40°C in a refrigerator until further use.
Test microorganisms
Antimicrobial activities of mixtures from different plant extracts were tested against 6 microorganisms, including 4 strains of bacteria: Escherichia coli ATCC 8739, Staphylococcus aureus ATCC 6538, Bacillus subtilis ATCC 6633, Streptococcus pyogenes and 2 species of fungi: Candida albicans ATCC 10231 and Aspergillus niger ATCC 16404.
All the strains were reference strains acquired from the American Type Culture Collection (Manassas, VA), or clinical isolates from the laboratory collection conserved at the Microbiology Laboratory, Faculty of Natural Sciences and Mathematics in Skopje.
Screening for the antimicrobial potential of the mixture from different plant extracts in gel, cream and body milk formulation
The bacteria cultures were grown in MuellerHinton broth at 37 °C, and yeast and mold in Sabouraud dextrose Broth, at room temperature. After 24 h of growth, for bacteria, and 3-5 days for yeast and mold, each microorganism, at a concentration of 10 6 CFUs/ml, was inoculated on the surface of Mueller-Hinton or Sabouraud dextrose agar plates. Subsequently, filter paper discs (6 mm in diameter) saturated with mixture from different plant extracts in gel, cream and body milk formulation (50 μl) were placed on surface of each inoculated plate. To evaluate the efficiency of the methodology, each extract was inserted simultaneously in a hole made in new plates. The plates were incubated at 37 °C for 24 h (for bacteria), and 3-5 days at room temperature, for yeast and mold. After this period, it was possible to observe inhibition zone.
The gel, cream and body milk formulation that showed antimicrobial activity were later tested to determine the minimal inhibitory concentration (MIC) for each microorganism using microtiter plate based assay.
Suspension preparation
The turbidity of initial suspension of tested bacteria, mold and yeast was adjusted by comparison with 0.5 McFarland's standard [6] . The initial suspension contained about 10 8 colony forming units CFU/ml. Additionally, 1:100 dilutions of initial suspension were prepared into sterile 0.9% saline to obtain working suspension of our bacteria, mold and yeast of about 10 6 CFU/ml.
Microtiter plate based assay
The antimicrobial activity of different formulations was assessed using a modified version of the microtiter plate based assay described by [7] . The antimicrobial assay was performed by using a sterile 96-well plate and the minimal inhibitory concentration (MIC) value was determined. All the assays were prepared under aseptic conditions. Resazurin was used as an indicator of growth for the bacterial and yeast assays, while the growth in the mold assays was inspected visually.
The first step of the assay was adding 50 μl of sterile Mueller-Hinton broth (MHB) (for bacteria) or Sabouraud dextrose broth (SDB) (for yeast and mold) into the first three and the last two rows of the 96-well plate. The first three rows were used for evaluation of the activity of mixture from different plant extracts in gel, cream and body milk formulations, while the last two rows served as a positive and a negative control. The positive control confirmed the viability of the culture, while the negative control verified the sterility of the working conditions. The second step was adding 50 μl of the first formulation to the first well of the first row of the plate. Using sterile pipette tips, the contents of the first well of the first row were mixed and 50 μl were transferred to the second well of the same row. Serial dilutions were carried out until last well from the first row. The procedure was repeated for the remaining formulations in the next two rows. Then, 5 μl of resazurin solution was added to each row (where necessary), followed by the addition of 5 μl of suspension.
Positive control (viability control) comprised of 50 μl of medium, 5 μl resazurin (where necessary) and 5 μl of suspension, while the negative control (sterility control) comprised of 50 μl of medium and 5 μl of resazurin (where necessary).
The microtiter plates were wrapped in sterile tinfoil in order to prevent contamination and were then incubated at 37 o C/24 h (for bacteria), at room temperature for 3-5 days for the yeast assays and at room temperature 5-7 days for the mold assays. A blue colored solution indicated the growth inhibition in the test wells, while pale pink to colorless solution indicated microbial growth or absence of inhibition. The mold assays were inspected visually: a clear solution indicated absence of growth while visual indication of mycelia indicated microbial growth or absence of inhibition. All the tests were performed in triplicate.
RESULTS AND DISCUSSION
Antimicrobials and antifungals are agents in cream, ointment, lotion, spray or powder form that may be topically applied to the skin. May also be formulated with ingredients that provide a moisture barrier.
The aim of this study was to evaluate the antimicrobial properties of mixture from five different plant extracts in gel, cream and body milk formulation, against six different microorganisms.
All the plants assayed in this study are commonly used as medicinal plants in different areas of Macedonia and other parts of the world. Their medicinal properties were presented in Table 1 .
The major components of plant extracts are the essential oils; due to higher content of essential oils, the plant extracts can be used in various pharmaceuticals preparations for treatment of various skin infections.
The sizes of the zones of inhibition are indicative of the level of the antimicrobial activities of the extracts. The antimicrobial activity of each formulations on the agar plates varied according to tested microorganisms. Data from Table 2 and Figures 1, 2 and 3 show that all the mixtures possessed antimicrobial activity against the tested microorganisms. The gel was found to be most effective The diameters of the zones of inhibition were generally larger for the Gram-positive test bacteria compared with values obtained for the Gramnegative bacteria, but not for fungal test organisms. According to [8] this indicates that the Gram-positive organisms were more susceptible to the effect of the extracts in the formulations.
This may be due to the inherent resistance of Gram-negative bacteria to a large number of chemical antimicrobial agents and antibiotics that are otherwise effective against Gram-positive organism. This resistance of Gram-negative bacteria has been attributed to lipopolysaccharide layer on their cell wall.
In order to determine minimal inhibitory concentration (MIC) for each microorganism we apply microtiter plate based assay. The data relating to the antimicrobial activities of plant extracts mixture in cream, gel and body milk are summarized in Tables 3-9 .
Microtiter plate based assay of different formulations of mixtute of plant extracts from five medicinal plants from Macedonia: Satureja hortensis L., Thymus serpyllum L., Salvia officinalis L., Melissa officinalis L. and Sideritis scardica Griseb., confirmed previously obtained results from disk-diffusion method. Cream, gel and body milk formulations showed the best result against Aspergillus niger ATCC 16404 having MIC value lower than 0.000761 μg ml -1 in water extract, followed by Candida albicans ATCC 10231.
When comparing data obtained in different studies, most publications provide generalizations about whether or not a plant extract possesses activity against different microorganisms. However, not all provide details about the mixture of extracts from different plants, or different formulations with mixtures of them.
Comparison of the data obtained in this study with previously published results is problematic. First, the composition of plant extracts is known to vary according to local climatic and environmental conditions [9, 10] . Secondly, the method used to assess antimicrobial activity, and the choice of test organism(s), varies between publications [9] . A method frequently used to screen plant extracts for antimicrobial activity is the disc-diffusion method [11, 12] . The usefulness of this method is limited to the generation of preliminary, qualitative data only, as the nature of most plant extracts prevents the uniform diffusion of these substances through the agar medium [9, 13] .
From the results it is evident that Candida albicans ATCC 10231 and Aspergillus niger ATCC 16404 are more sensitive to different formulations of plant mixtures, than the tested bacteria. These results are opposite from Farkaš (2003) [14] , where fungi are more resistant than bacteria to plant extracts.
From our results it is obvious that our mixture inhibited the tested microorganisms in relatively low concentration of 0.000761-0.125μg ml The results indicate that the mixture of plant extracts in different studied formulations showed antimicrobial activities toward the all examined microorganisms.
Our results allow us to conclude that these plants may be recommended as useful sources to prepare natural and new antimicrobial drugs which will be cost-effective because the plants are freely available. Со цел да се пронајдат нови антимикробни средства, оваа студија го испитува антимикробното дејство на смеса од растителни екстракти добиени од пет различни растенија, суспендирана во форма на гел, крем и млеко за тело, врз шест различни микроорганизми. Антимикробната активност се испитува користејќи стандарден диск-дифузионен метод, како и микродилуциона техника. Тестираните формулации (гел, крем и млеко за тело) покажуваат широк спектар на дејство врз сите испитувани микроорганизми, со зони на инхибиција од 9 до 46 mm. Минималната инхибиторна концентрација за сите формулации за сите испитувани микроорганизми се движи во границите од < 0.000761 μg ml -1 до 0.125 μgml -1 . Резултатите од оваа студија покажуваат дека смесата од растителни екстракти добиени од пет различни растенија, суспендирана во форма на гел, крем и млеко за тело, може да се користи во борбата против тестираните микроорганизми.
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